The quality of randomised clinical trials and how they are reported have improved over time, with clearer guidelines on conduct and statistical analysis.
1 Clinical trials often take several years, but interpreting the results at the end is arguably the most important activity because it influences whether a new intervention is recommended or not. Although researchers have become more familiar with medical statistics, the interpretation and reporting of results of borderline significance remains a problem. We examine the problem and recommend some solutions.
What is the problem?
New interventions used to be compared with minimal or no treatment, so researchers were looking for and finding large treatment effects. Clear recommendations were made because the P values were usually small (eg, P<0.001). However, modern interventions are usually compared with the existing standard treatment, so that the effects are often expected to be smaller than before, and it is no longer as easy to get small P values. The cut-off used to indicate a real effect is widely taken as P=0.05 (called statistically significant). The problem is that although P=0.05 is an arbitrary figure, many researchers still adhere strictly to it when making conclusions about an intervention, and often use it as the sole basis for this. Researchers and journals sometimes conclude that there is no effect.
The P=0.05 cut-off was first proposed by R A Fisher in 1925 as being low enough to make decisions, and over time has become widely adopted. However, examining interventions with P values just above 0.05 is difficult, especially if the trial is unique. It is incorrect to regard, for example, a relative risk of 0.75 with a 95% confidence interval of 0.57 to 0.99 and P=0.048 as clear evidence of an effect, but the same point estimate with a 95% confidence interval of 0.55 to 1.03 and P=0.07 as showing no effect, simply because one P value is just below 0.05 and the other just above. Although the issue has been raised before, 2 3 it still occurs in practice.
P values are an error rate (like the false positive rate in medical screening). In the same way that a small P value does not guarantee that there is a real effect, a P value just above 0.05 does not mean no effect. If P=0.049, we expect to claim that a new intervention is beneficial, when it really is not, almost 5% of the time, but the intervention would probably still be recommended. The size of a P value depends on two factors: the magnitude of the treatment effect (relative risk, hazard ratio, mean difference, etc) and the size of the standard error (which is influenced by the study size, and either the number of events or standard deviation, depending on the type of outcome measure used). Very small P values (the easiest to interpret) arise when the effect size is large and the standard error is small. Borderline P values can occur when there is a clinically meaningful treatment effect but a large or moderate standard error-often because of an insufficient number of participants or events (the trial is referred to as being underpowered). This is perhaps the most common cause of borderline results. Borderline P values can also occur when the treatment effect is smaller than expected, which with hindsight would have a required a larger trial to produce a P value <0.05, so again the study is underpowered.
Using confidence intervals
Confidence intervals are usually more informative than the P value when borderline results are found, as the following example shows. The EICESS-92 phase III trial aimed to determine whether adding etoposide to standard ifosfamide chemotherapy would improve event-free survival in Ewing's sarcoma. 4 Powered to detect a hazard ratio of 0.60 (40% relative risk reduction), the target sample size was 400 patients (492 were recruited). The observed hazard ratio was 0.83 (95% confidence interval 0.65 to 1.05, P=0.12), Because P>0.05 it would normally be concluded that there is insufficient evidence for an effect, even though the 17% risk reduction is clinically important, but smaller than the 40% expected. Most researchers and journal reviewers understand that the true effect is likely to lie somewhere in the confidence interval range, hence the possibility of it being 1.0-that is, no effect. However, there is a common misconception that the true effect lies anywhere within this range with equal likelihood. It is more likely to be around the estimated hazard ratio (0.83, the best estimate of the true effect) than at either extremes of the confidence interval. Thus, although the upper limit (1.05) is just above the no effect value, there is only a 6% chance that it exceeds 1.0 (figure). There is a 50% chance that the true hazard ratio is between 0.77 and 0.90, or 75% chance that it is between 0.72 and 0.95; therefore a treatment benefit is likely. The authors concluded that "the addition of etoposide seemed to be beneficial." This is appropriate wording because it is the only randomised study to evaluate adding etoposide to an ifosfamide regimen in this patient group, and the disorder is uncommon (it took 6.5 years to recruit 492 patients). Even 7.5 years after recruitment had ended the number of events (n=266) still did not allow the primary end point to have P<0.05. To conclude insufficient evidence or, worse still, no effect, would have been incorrect and a useful result from a unique trial would be missed. Although the target sample size was exceeded, the observed treatment effect was smaller than originally expected, hence the lack of statistical significance.
Inconsistency in language in clinical trial reports
We examined the BMJ, Lancet, JAMA, New England Journal of Medicine, Journal of the National Cancer Institute, and the Journal of Clinical Oncology to see how the results or conclusions of randomised phase III trials published in 2009 were described in the abstract (which most readers focus on). Out of 287 studies, 24 (1 in 12) were considered to have borderline results when the direction of the primary end point indicated a treatment benefit, with P value between 0.05 and 0.10 or a lower or upper 95% confidence limit close to the no effect value (that is, 1 for risk or hazard ratios and 0 for risk or mean differences). The table gives examples and a full list is available on bmj.com. There is a general inconsistency in the language used. The intention here is not to alter the published conclusions, but only to be aware of the differences in how they were reported.
Among 10 article abstracts that concluded or gave the impression of no effect for the primary end point, seven had P values of 0.11 to 0.17 with hazard or odds ratios ranging from 0.85 to 0.90 and upper 95% confidence limits of 1.02 to 1.07, and one had a mean difference of 0.06×10 3 (95% confidence interval −0.002 to 0.13×10
3 ) with a P value of 0.06. 5 These results suggest that there is probably some effect, but perhaps not clinically worthwhile. However, a seemingly large effect was found in two trials with P=0.06 and upper 95% confidence limits just above the no effect value (table). One had a mean difference in scores of −27.8 units 7 and the other a relative risk of 0.66, 11 so there probably is a real benefit on the primary end point in both cases.
Eleven articles concluded that there was a suggestion of an effect, usually with moderate to large treatment effects, and P values 0.06 to 0.10 (often 0.06 or 0.07). However, in one trial the effect seemed relatively small (hazard ratio=0.93, 95% confidence interval 0.84 to 1.02, P=0.13 19 ). All of these articles seemed to base their conclusions not just on the P value but on other end points or adjusted results. In two trials, the achieved sample size was much lower than the target because of poor accrual, but both found large treatment effects (hazard ratios 0.67 and 0.69), which would probably have been significant if there had been more patients. 22 24 Three articles concluded an effect with some confidence. The treatment effects were variable, and P values ranged between 0.06 and 0.1. Again, authors sometimes drew attention to other significant end points but the language in relation to the main outcome measure could have been less strong in some cases.
Although seven of the 24 studies were large (≥2000 participants), this did not guarantee clear results for the primary end point. The overall conclusions of several studies were often supported by results for other end points or from other trials, and the possibility of an effect was discussed outside the abstract. However, it is inconsistent that, for example, two trials with similar effect sizes (risk ratios of 0.66 and 0.67) and P values (0.06 and 0.07) came to different conclusions (no effect 11 and suggestion of an effect 24 ), and two trials with a smaller effect size (hazard ratio 0.84) but similar or larger P value (0.06 or 0.13) indicated a possible effect (table) . 19 25 It is also useful to consider borderline confidence intervals and P values when a trial intervention unexpectedly suggests harm in relation to the primary end point. Authors might be more inclined to make firmer conclusions in this situation than if an intervention shows evidence of benefit. However, we found two examples where there were more events in the intervention group but the authors concluded only that there was no benefit. In a randomised trial of 635 patients with type 2 diabetes and diabetic retinopathy, the primary end point was developing clinically important macular oedema 29 ; the hazard ratio for calcium dobesilate versus placebo was 1.32 (0.96 to 1.81, P=0.08), but the conclusion in the abstract stated only that calcium dobesilate did not reduce the risk of developing macular oedema. Similarly, in a trial of 486 head and neck cancer patients comparing gefitinib (250 or 500 mg) with methotrexate, 30 the hazard ratios for mortality were 1.22 (P=0.12) and 1.12 (P=0.39) for 250 and 500 mg, respectively. The conclusion reported in the abstract stated that "neither gefitinib 250 nor 500 mg/day improved overall survival," though the pooled hazard ratio would be 1.17 (95% confidence interval 0.98 to 1.39).
Possible solutions
The problem of borderline results could be avoided by designing trials with small or moderate effect sizes. However, this is often not feasible because large sample sizes are usually required, which is particularly challenging in uncommon disorders. But even with careful trial design and good prior evidence, the observed treatment effect can be noticeably lower than that expected, thus producing P values that are just above 0.05 (as in the Ewing's sarcoma trial above). A possible solution is to use a validated and established surrogate marker as the primary (or co-primary) end point-for example, progression-free survival instead of overall survival in some cancer trials, or cholesterol for some prevention trials in cardiovascular disease. There should be more events if a surrogate marker is used, and this will increase the chance of the result being statistically significant. However, researchers need to be aware that finding significant results for a true end point (such as survival) will be difficult because such studies are smaller. Furthermore, borderline results could still be found with any end point.
Meta-analysis can also be a solution, but only if there are two or more trials to combine. This was indeed the case for one of the articles we found, 15 where the hazard ratio for one trial was 0.86, 95% confidence interval 0.72 to 1.02 (P=0.08), but the pooled effect from three trials was 0.86, 0.75 to 0.98 (P=0.02). However, there are many instances when the trial is the only one and will not be repeated, usually because of greater interest in newer interventions or because limitations of sample size or rarity of the disorder make it unfeasible to repeat the trial. Unique trials might become more common because international clinical trial registers now allow researchers to check if similar studies are in progress elsewhere. Although it is generally good practice to have at least two trials of the same intervention (with consistent results) before recommending it for routine use, researchers might be less inclined to conduct a replicate trial or be less likely to receive a grant from funding organisations.
Recommendations
The figure shows why a confidence interval is a better way of interpreting data when borderline results are found. Importantly, it shows that even when P>0.05, there is a higher likelihood that the true effect lies around the point estimate from the trial, rather than at the ends of the confidence interval, so a treatment effect should not be readily dismissed if it seems clinically meaningful.
Borderline results cannot be used as strong evidence either for or against an intervention. If a clinically important effect is observed with a P value just above 0.05 (or an upper or lower confidence limit close to the no effect value), it is incorrect to conclude no effect and not consider further what is likely to be an effective intervention, especially for uncommon disorders or trials that took many years to complete. Researchers should examine other end points to look for consistency and other evidence (for example, cohort studies, dose-response relations, or similar types of treatments that show a clear effect). Importantly, they should state that there is evidence for the primary end point but use moderate words such as "suggestion," "seems," or "indication" that need to be accepted consistently by journals. If the treatment effect is lower than expected, the clinical implications could be specifically discussed. The aim is to avoid giving the reader the impression that an intervention is completely ineffective, when it is likely to be effective. Similarly, researchers of trials with results of borderline significance should not give the impression that the evidence is conclusive. The same principles apply to other areas of research such as examining risk factors for and causes of disorders or early death.
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Summary points
Many researchers still adhere too strictly to the arbitrary P cut-off value of 0.05 when interpreting clinical trial results A P value that is just above 0.05 does not mean that there is no effect Confidence intervals are a better indicator of the likelihood of an effect and its size
The true effect of an intervention is more likely to lie around the middle of a confidence interval (that is, the point estimate) than at either end Authors and journals should be more consistent in how they report primary trial end points of borderline significance Table   Table 1| 
